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An electrode (20) for a cardiac lead (10) and method of making the same tie provided. The electrode includes an electrode member 
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CARDIAC LEAD WITH ZONE INSULATED ELECTRODES 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates generally to cardiac stimulator leads, and more 
particularly to a cardiac stimulator lead having an electrode selectively coated 
5 with an insulating material to define small conductive regions. 

2. Description of the Related Art 

Conventional cardiac stimulator systems consist of a cardiac stimulator 
and an elongated flexible cardiac lead that is connected proximally to a header 
structure on the cardiac stimulator and is implanted distally at one or more sites 

10 within the heart requiring cardiac stimulation or sensing. The cardiac stimulator 
is normally a pacemaker, a cardioverter/defibrillator, a sensing instrument, or 
some combination of these devices. 

At the time of implantation, the distal end of a cardiac lead is inserted 
through an incision in the chest and manipulated by the physician to the site 

15 requiring electrical stimulation with the aid of a flexible stylet that is removed prior 
to closure, At the site requiring electrical stimulation, the distal end of the lead 
is anchored to the endocardium by an active mechanism, such as a screw-in 
electrode tip, or alternatively, by a passive mechanism, such as one or more 
radially spaced tines that engage the endocardium. The proximal end of the 

20 lead is then connected to the cardiac stimulator and the incision is closed. The 
implantation route and site are usually imaged in real time by fluoroscopy to 
confirm proper manipulation and placement of the lead. 

Most implantable cardiac stimulators include a circuit board enclosed 
within a sealed housing or can. The circuit board controls the delivery of electric 

25 pulses to the lead and may perform various other functions. Power is supplied 
by an internal dry cell battery or set of batteries. In some systems, the batteries 
may be recharged non-invasively and without excising the cardiac stimulator. 
However, most systems employ disposable batteries. When the disposable cells 
are depleted, the cardiac stimulator must be excised and replaced. 

-1- 
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A conventional cardiac stimulator lead normally consists of an elongated 
flexible tubular, electrically insulating sleeve that is connected praximally to a 
connector that fs adapted to couple to tha header of a cardiac stimulator can, 
and distally to a tubular tip electrode. One or more ring-type electrodes may be 
5 secured to the sleeve at various positions along the length of the sleeve. The 
proximal end of the lead sleeve is connected to the connector by application of 
various biocompatible adhesives to various portions of the connector and the 
sleeve. The tip electrode ordinarily consists of a tubular structure that has an 
increased diameter portion that forms an annular shoulder against which the 
10 distal end of the lead sleeve is abutted. The exterior surface of the tubular 
structure is normally smooth as is the interior surface of the distal end of the lead 
sleeve. In multi-polar leads, one or more ring-type electrodes may be fitted over 
the sleeve. 

To ensure that physical contact with the desired myocardial tissue is 

15 maintained after implantation, tip electrodes for most conventional leads are 
anchored to myocardial tissue by a fixation mechanism of one sort or another. 
In some leads, a corkscrew-like member projects from the tip electrode and 
penetrates the endocardium. In others, the electrode is fitted with one or more 
radially projecting tines that engage the normally irregular surface of the 

20 endocardium. Still others may employ both types of structures. 

Most conventional tip electrodes serve at least two functions. In one 
aspect, tip electrodes provide a conducting member to convey electrical 
stimulation and/or sensing signals to and from myocardial tissue. In another 
aspect, most tip electrodes provide structure to accommodate either a directly 

25 incorporated fixation mechanism or a retrofitted fixation mechanism. Although 
conventional ring electrodes may be fitted with tines, most such electrodes serve 
primarily as signal conductors. 

The design of cardiac stimulation systems involves a balancing of a 
number of competing design considerations. Some of these include can size, 

30 lead tip dimensions and power consumption. Can miniaturization has been an 
important design goal since the first implantable pacemakers were introduced 

-2- 
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over thirty years ago. Smaller cans yield better post-operative comfort and 
cosmetic results for the patient. However, can miniaturization has required 
downsizing in storage batteries, which has. in turn, placed a premium on power 
consumption. Power consumption is of great importance because for a given 
level of power consumption, smaller batteries generally translate into shorter 
cardiac stimulator life spans and more frequent surgical procedures for the 
patient. 

Some of the limitations associated with diminishing battery size have been 
offset by advances in dry cell chemistry. In addition, advances in pulse 
generation circuitry have dramatically increased the efficiency of power 
consumption. For example, many cardiac stimulators incorporate circuitry that 
automatically tailors pulse generation to the physiological demands of the 
patient. 

However, despite advances in battery chemistry and circuitry, power 
consumption efficiency is still frequently limited by conventional lead electrode 
design. Most conventional lead electrodes operate as relatively low impedance, 
and thus, high current drawing devices. The low Impedance levels are primarily 
a function of the relatively large conducting surface areas that these devices 
present to myocardial tissue. As noted above, the size of conventional lead 
electrodes is dictated in large part by mechanical considerations, such as the 
facilitation of fixation mechanisms. Furthermore, a certain degree of bluntness 
in a tip electrode is desirable to reduce the risk of myocardial perforation and 
micrc-dislodgement, and to facilitate capture of the lead tip by post-implant 
developing fibrous tissue. Similarly, miniaturization of ring-type electrodes is 
generally limited by the size of the insulating lead sleeve and by the prevailing 
mechanical systems used to secure such ring-type electrodes to the lead sleeve. 

As a result of these mechanical design considerations, current is often 
drawn by conventional low impedance electrodes at higher rates than necessary 
for appropriate stimulation. Some improvement in current drain may be realized 
by lowering the voltage output of the pulse generator. However, this technique 
is not possible in patient's who require a particular threshold voltage for 

-3- 
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successful stimulation that is above the contemplated lowered output voltage. 
Thus, conventional lead electrode designs may represent an impediment to 
extended battery life. 

In one conventional lead design, the distal end of the lead is provided with 
a distally projecting, small diameter circular electrode that has the potential to 
provide enhanced pacing impedance. However, this design may be prone to 
micro-dislodgment. Since the lead is provided with a single small conducting 
surface on the distal end of the lead, normal heart motion may cause the small 
conducting surface to momentarily lose contact with or micro-dislodge from 
myocardial tissue and disrupt the flow of pacing pulses. 

The present invention is directed to overcoming or reducing the effects of 
one or more of the foregoing disadvantages. 

SUMMARY OF THE INVENTION 

In accordance wilh one aspect of the present invention, a cardiac lead 
electrode is provided. The lead includes an electrode member and a coating 
applied to the electrode member. The coating is composed of an electrically 
insulating material and covers a first portion of the exterior of the electrode 
member while leaving a preselected second portion thereof exposed. 

In accordance with another aspect of the present invention, a cardiac 
stimulator lead is provided. The cardiac stimulator lead includes a conductor 
wire that has an electrically insulating coating applied thereto and an electrode 
member coupled to the conductor wire. The electrode member has a coating 
applied thereto. The coating is composed of an electrically insulating material 
and covers a first portion of the exterior of the electrode member while leaving 
a preselected portion thereof exposed. 

In accordance with another aspect of the present invention, a method of 
fabricating a high impedance cardiac lead electrode is provided. The method 
includes the steps of providing an electrode member and coating a first portion 
of the electrode member with an electrically insulating material while leaving a 
preselected second portion thereof exposed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other advantages of the invention will become 
apparent upon reading the following detailed description and upon reference to 
the drawings in which: 
5 FIG. 1 is a pictorial view of an exemplary embodiment of a cardiac 

stimulator lead and a cardiac stimulator in accordance with the present fnvention; 

FIG. 2 is an exploded side view of an exemplary cardiac lead electrode, 
sleeve and oonductor in accordance with the present invention; 

FIG. 3 is an end view of the electrode shown in FIG. 2 in accordance with 
10 the present invention; 

FIG. 4 is a cross-sectional view of FIG. 2 taken at section 4-4 in 
accordance with the present invention; 

FIG. 5 is a cross-sectional view like FIG. 4 showing the electrode prior to 
coating with an insulating material in accordance with the present invention; 
15 FIG. 6 is an exploded side view like FIG. 2 of an alternate exemplary 

electrode in accordance with the present invention; 

FIG. 7 is an exploded side view like FIG. 2 of another alternative 
exemplary elechtxie in accordance with the present invention; 

FIG. 8 is an end view of the electrode depicted in FIG. 7 in accordance 
20 with the present invention; 

FIG. 9 is a cross-sectional view of FIG> 8 taken at section 9-9 In 
accordance with the present invention; 

FIG. 10 is a pictorial view of a portion of an exemplary electrode prior to 
coating in accordance with the present invention; 
25 FIG. 1 1 is a pictorial view of a portion of an exemplary electrode showing 

individual masks which cover the surface area of the electrode member tip; 

FIG. 12 is a cross-sectional view of FIG. 11 taken at section 12-12 in 
accordance with the present invention; 

FIG. 13 is a view like FIG. 12 depicting formation of an insulating coating 
30 in accordance with the present invention; 

FIG. 14 is a pictorial view of a portion of an exemplary electrode depicting 
an alternate process for applying a coating in accordance with the present 
invention; 

5 
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FIG. 15 is a pictorial view of the electrode shown in FIG. 14 depicting 
selective removal of portions of the coating to expose a preselected portion of 
the electrode member in accordance with the present invention; and 

FIG. 16 is a side view of the annular electrode shown in FIG. 1 in 
5 accordance with the present invention. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

In the drawings described below, reference numerals are generally 
repeated where identical elements appear in more than one figure. Turning now 

10 to the drawings, and in particular to FIG. 1, there is shown an exemplary cardiac 
stimulator lead 10 that Includes a flexible insulating sfeeve 12 that has a proximal 
end 14 coupled to a connector 16, and a distal end 18 coupled to a tip electrode 
20. The connector 16 is designed to be inserted into a cardiac stimulator 22, 
and is shown highly exaggerated in size relative to the cardiac stimulator 22. 

15 The cardiac stimulator 22 may be a pacemaker, a cardioverter/defibrillator, or 
other type of stimulator or a sensing instrument. The illustrated embodiment of 
the lead 10 i3 bipolar. Accordingly, the distal end 18 is provided with an 
electrode 24 located proximal to the tip electrode 20. However, unipolar or other 
multi-polar arrangements are possible as well. A suture sleeve 26 is slipped 

20 over the sleeve 12. During implantation, the suture sleeve 26 is sewn to body 
tissue at the site of transvenous entry. 

The sleeve 12 is a flexible tubular member that provides a robust, 
electrically insulating coupling between the connector 16 and the electrode 20. 
The steeve 12 protects one or more fine gage conductor wires enclosed therein 

25 from body fluids and tissues, and is advantageously composed of a 
biocompatible, electrically insulating material, such as silicone, polyurethane. or 
like materials. 

The detailed structure of the electrode 20 may be understood by referring 
now also to FIG. 2, which is an exploded side view of the electrode 20 and the 
30 end 1 8 of the sleeve positioned distal from the electrode 24, and to FIG. 3 which 
is an end view of FIG. Z The electrode 20 includes an electrode member 28 

-5- 
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that has an elongated mandrel-like shank 30 that is provided with a set of 
external grooves or threads 32 at its proximal end 34 and terminates in an 
enlarged diameter tip 36. The grooves 32 may be formed integrally with the 
shank 30 or machined as a separate structure that may be welded or otherwise 
6 connected to the shank 30. The transition from the shank 30 to the larger 
diameter tip 36 defines a proximally facing annular shoulder 38. The Up 36 has 
a profile that tapers inwardly to a circular blunt or flat end surface 39. Although 
the profile of the tip 36 is largely a matter of design discretion, an overall blunt 
profile of the distal end of the tip 36 reduces the potential for myocardial 

10 penetration and mioro-dislodgment. 

The electrode member 28 is advantageously fabricated from a 
biocompatible conductor or semiconductor material. Suitable materials Include, 
for example, iridium oxide coated titanium, MP35N, stainless steel, platinum- 
indium alloy consisting of approximately 90% platinum and 10% iridium, or some 

15 other biocompatible conducting metal, or a semiconductor material, such as 
silicon, or other semiconductor material. A portion of the electrode 20 may be 
composed of other than a conducting material so long as a conducting pathway 
is provided between the conductor wire 40 and the tip 36. 

A conductor wire 40, shown exploded from the electrode 20. is slipped 

20 over the proximal end 34 of the shank 30 and spiraled around the grooves 32 
when the lead 10 is assembled. The wire 40 is depicted as a coiled metallic 
conductor wire that is individually insulated with a thin insulating jacket. An end 
44 of the wire 40 is stripped as shown to establish a good electrical contact with 
the exterior of the shank 30. The end 44 may also be spot Welded by laser or 

25 other suitable techniques to the exterior of the shank 30. The proximal end of 
the wire 40 is coupled to the connector 16 shown in FIG. 1 . A second conductor 
wire (not shown) is nested with the conductor wire 40 and is coupled distally to 
the annular electrode 24 and proximally to the connector 16, and is positioned 
in a nested arrangement with the wire 40 within the sleeve 12. The skilled 

30 artisan will appreciate that other wiring arrangements may be incorporated in lieu 
of the individually insulated wire 44 and the companion wire (not shown). For 

-7- 
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example, commonly used coaxial wiring arrangements may be incorporated 
where the individual wire coils are separated by an inner elongated tubular 
insulating sleeve. 

When the lead 10 Is fully assembled, the distal end 18 is slipped over the 
5 shank 30 until a distaDy facing annular shoulder 44 on the distal end 18 abuts 
the praximally facing annular shoulder 38 of the tip 36. A suitable medical grade, 
biocompatible adhesive may be applied to the exterior of the shank 30 and/or the 
interior of the distal end 18 to secure the distal end 1 8 to the electrode member 
28. The adhesive may be a silicone based adhesive, or one of a variety of 

10 commercially available two stage biocompatible adhesives. 

As noted above, a low impedance electrode in a cardiac lead can result 
in power consumption that is beyond the rate necessary for medically indicated 
cardiac stimulation and/or sensing. Although power supply depletiqn is 
inevitable in disposable and rechargeable self-contained storage cells, 

15 unnecessarily excessive power consumption represents a real limit on battery 
life. However, in accordance with the present invention, the electrode 20 may 
be fabricated with a higher impedance than would otherwise be possible in view 
of the conducting nature and structural requirements of the electrode 20. A lead 
fitted with the electrode 20 in accordance with the present invention may reduce 

20 power consumption and prolong battery life for the cardiac stimulator 22 without 
sacrificing stimulation and/or sensing functions. 

The impedance enhanced character of the electrode 20 may be 
understood now by referring to FIGS. 2. 3, 4 4 and 5. Relative to FIG. 2, FIG. 3 
is an end view, and FIGS. 4 and 5 are sectional views taken, respectively, at 

25 sections 4-4 and 5-5. A first portion 45 of the exterior of the electrode member 
28 from the distal end of the grooves 32 to the end 39 of the tip 36 is covered by 
a coating 46 composed of an electrically insulating material. A preselected 
second portion of the exterior of the electrode member 28 consisting of six 
peripherally spaced, circular spots 48 on the tip 36 is left exposed. The coating 

30 48 substantially reduces the otherwise available conducting surface area of the 
electrode member 28. The exposed circular areas 48 provide small conducting 

-6- 



PAGE 20/78 ' RCVDAT 3/15/2005 5:10:48 PNI [Eastern Standard Time] * SVR:USPT0-EFXRF-1/5 * DNIS:872930S * CSID:763 505 0411 1 DURATION (mmss):18-30 



> MAR. 15. 2005 5:30PM MEDTRONIC LAW DEPf 



"NO. 3560 P. 21 



WO 99/62591 KT/US99/12585 

surfaces to contact and transmit electrical current between the electrode 20 and 
myocardial tissue. The reduced surface area of the electrode member 28 that 
may be exposed to myocardial tissue dramatically increases the impedance of 
the electrode 20, thus lowering the power consumption of the lead 10. and 
5 increasing the operating life of the power supply for the cardiac stimulator 22 
shown in FIG. 1. 

In the embodiment illustrated in FIGS. 2, 3, 4, and 5, the first portion 45 
of the electrode member 28 includes all of the exterior of the electrode member 
28, save the exposed areas 48, the grooves 32, and the proximal end 34. This 

10 configuration is illustrative as the desired increase in electrode impedance may 
be realized when the coating 46 is applied to at least the portion of the electrode 
member 28 that will be in contact with myocardial tissue. The skilled artisan will 
appreciate that enhanced impedance may also be achieved by covering a 
greater or a lesser amount of the exterior of the electrode member 28. For 

15 example, the grooves 32 may also be coated if provision is made to establish a 
conducting connection between the stripped end 42 of the wire 40 and the 
grooves 32. Conversely, the coating 46 may be applied only to the portion of the 
electrode member 28 that will contact myocardial tissue, i.e.. the tip 36, exclusive 
of the proximally facing annular shoulder 38. 

20 The size, and configuration of the portion of the exterior of the electrode 

member 28 that is exposed foDowing application of the coating 46 is largely a 
matter of design discretion and win depend on factors such as the electrical 
requirements of the cardiac stimulator and the medically indicated stimulation 
voltage, among others. For example, as shown in FIG. 6, which is a side view 

25 of an alternate embodiment of the electrode, now designated 20', the second 
portion, now designated 48', of the electrode member 28 that is exposed 
following application of the coating 46 is configured In the shape of an annular 
band as shown. 

The structure of another alternate embodiment of the electrode, now 
30 designated 20", may be understood by referring now to FIGS. 7 and 8, which 
are. respectively, an exploded side view and an end view of the electrode 20". 

-9- 
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and to FIG. 9, which is a sectional view of FIG. 8 taken at section 9-9, In this 
embodiment, the tip 36 of the electrode member 28 is provided with six 
peripherally spaced slots 50 that commonly intersect a circular bore 52. The 
slots 50 divide the tip 36 into a corresponding number of peripherally spaced 
5 projections 54. In this illustrated embodiment, the second portion, that is, the 
portion of the exterior of the electrode member 28 that is not covered by the 
coating 46 includes the slots 50. Thus, the coating 46 shrouds the exterior of the 
projections 54 but doss not coat either the bottom 56 or the vertical sidewalk 58, 
60, and 62 of each projection 54. Alternatively, the projections 54 may be left 

10 exposed while the slots 50 may be shrouded by the coating 46. In either case, 
the design goal of reducing the exposed surface area of the electrode member 
28, and thus elevating the impedance of the electrode member 28 is enhanced. 

The coating 46 is advantageously composed of an electrically insulating, 
biocompatible material that may confoimally coat the exterior of the electrode 

15 member 28. Relatively high surface and volume resistivities and dielectric 
strength are desirable to maintain acceptably tow leakage currents and risk of 
dielectric breakdown. In addition, the material should exhibit good adhesion to 
the electrode member 28. Exemplary materials include diamond-like carbon 
CDLC"), sapphire (AIA), parylene compounds, diamond, or like materials. The 

20 term DLC is intended to cover plasma deposited carbon films which are 
amorphous in structure. 

The system used to apply the coating 46 will depend upon the particular 
material. For example, DLC and sapphire coatings may be applied by plasma 
enhanced chemical vapor deposition (TECVD"), by DC reactive magnetron 

25 sputtering, or like techniques. In PECVD of DLC, a gaseous hydrocarbon, such 
as. methane, propane, butane, or like compounds, is introduced into the plasma 
chamber. As the gas interacts with the plasma, a coating of DLC forms on the 
targeted substrate. The deposition is advantageously carried out in the 
presence of one or more inert carrier gases, such as, argon, helium, or like 

30 gases. In addition to PECVD. laser induced CVD, microwave plasma assisted 

-10- 
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CVD, dual ion beam, and direct introduction of hydrocarbon gas into a saddle 
field source may be used as alternate techniques to apply the coating 46. 

Polymeric coatings, such as parylene compounds, may be applied using 
a tool appropriate for the particular material. For example, Parylene C may be 
5 applied using a parylene vacuum deposition system which delivers poly-para- 
xylylene into a vacuum chamber containing the targeted structure, e.g.. the 
electrode member 28. 

A process of applying the coating 46 to the electrode member 28 may be 
understood by referring now to FIGS. 10, 11, and 12. FIG. 10 is a cross- 

10 sectional view like FIG. 4, but depicts the electrode member 28 prior to the 
application of the coating 46 shown in FIG. 4. At this stage, an intermediary 
coating, such as iridium oxide, may be applied to the electrode member as 
desired. As shown in FIG. 11, a mask is applied over a portion of the exterior of 
the electrode member 28 to cover those areas of the electrode member 28 that 

« will constitute the second portion thereof, that is, the portion of the exterior of the 
electrode member 28 that will remain exposed following application of the 
coating 46. The mask consists of individual masks 64 which cover the surface 
area of the electrode member tip 36 that will eventually constitute the exposed 
portions. The geometrical configuration of the mask will depend upon the area 

20 to be masked against the application of the coating 46. However, if a different 
exposed area of the electrode member 28 is desired, the mask may be shaped 
appropriately. A variety of materials may be used to form the mask. For 
example, photoresist materials commonly used in semiconductor processing 
may be applied, patterned, and developed using well known photolithographic 

25 patterning techniques. 

Alternatively, the mask material may be a carbon paint or a ceramic 
material that is capable of withstanding the application process used to apply the 
coating 46. Such materials may be applied as small blobs by a fine gauge 
nozzle or other suitable dispenser. This technique may be suitable where 

30 precision crafting of the exposed areas 48 is not required. 
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As shown In FIG. 13, following application of the masks 64. the coating 
46 is applied using a technique appropriate for the material selected. In an 
exemplary embodiment, the material is DLC deposited by PECVD. Following 
application of the coating 46. the masks 64 may be stripped to yield the structure 
5 shown in FIG. 2, 3. and 4. If the masks 64 are composed of photoresist, well 
known photoresist stripping techniques may be employed. If carbon paint is 
used, the electrode member 28 may be sonicated in isopropyl alcohol to remove 
the masks 64. 

The thickness of the coating 46 will depend upon the electrical 
10 requirements for the electrode 20 as wed as the insulating properties of the 
material selected. For example, diamond-like carbon with a dielectric strength 
of approximately 20 MV/m may be applied to a thickness of about 1.0 pm on an 
electrode 20 designed to operate at 1 .0 volt Sapphire, with a dielectric strength 
of 1 .6 MV/m may be similarly applied to a thickness of about 5.0 pm. 
15 The foregoing process flow will be substantially identical In circumstances 

where a different shape is desired for the exposed portion of the electrode 
member 28. For example, referring again to FIGS. 6 and 7, the portion 48' 
shown in FIG. 6 and the slots 50 shown in FIG. 7 may be left exposed following 
application of the coating 46 by configuring a mask in the shape of the annular 
band 48' or the slots 50 as the case may be. The coating 46 may then be 
applied as described above. 

An alternative process flow for exposing portions of the electrode member 
28 may be understood by referring now to FIGS. 14 and 15. FIG. 14 is a 
pictorial view of a portion of the electrode member 28 and depicts deposition of 
25 a coating material on the electrode member 28. The deposition may be by any 
of the aforementioned techniques and will depend on the particular material 
selected. FIG. 15 depicts the electrode member 28 after application of the 
coating 46. As shown in FIG. 15. following application of the coating 46. 
selected portions of the coating 46 may be removed to expose the underlying 
30 areas 66 of the electrode member tip 36. The removal may be by laser ablation 
as depicted in FIG. 15, or by abrasive blasting, numerically controlled driQ, 

-12- 



20 



PAGE 24/78 1 RCVD AT 3/1512005 5:10:48 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-1/5 ' DNIS:8729306 ' CSID:763 SOS 0411 ' DURATION (mm-ss): 18-30 



MAR. 15.2005 5:31PM MEDTRONIC LAW DEPT 



NO. 3560 — P. 25 



WO 99/62591 PCT/USWn5B5 

plasma etching, or Ilka techniques. Some removal of the underlying tip 36 is 
anticipated during the selective removal of the coating 46. 

The technique of locating the portions 66 will depend on the removal 
method. If NC drilling is employed, the positions of the portions 66 may be 

5 programmed Into the NC drilling apparatus. Where laser ablation is used, either 
the laser or the stage or chuck holding the electrode member 28, or both, may 
be spatially manipulated to target the laser beam, However, if abrasive blasting 
or plasma etching are used, a stencil sleeve 68 should be temporarily slipped 
over the targeted area prior to blasting or etching to mask the electrode member 

10 28. Plasma etching may be suitable where a parylene compound is used for the 
coating 46, The stencil sleeve 68 includes a preselected pattern of openings 70 
corresponding to the preselected pattern of portions 66. The sleeve should be 
composed of a material that will withstand the removal process while protecting 
those portions of the coating 46 that are intended to remain intact 

15 As with the tip electrode 20 described above, the impedance of the 

annular electrode 24 shown in FIG. 1 may be enhanced. Referring now to FIG. 
16, which is a magnified side view of the annular electrode 24 and a portion of 
the lead sleeve 12, a first portion of the annular electrode 24 may be selectively 
coated with a coating 72 like the coating 46, while a preselected second portion 

20 of the exterior of the electrode may be left exposed. In the illustrated 
embodiment, the second portion constitutes a series of peripherally spaced 
patches 74. However, as noted above, the configuration of the exposed area or 
areas may be varied. The patches 74 may be established as described above 
in conjunction with the electrode 20. The patches 74 prbvide conducting 

25 pathways to myocardial tissue with higher impedances than would othe wise be 
possible if the entirety of the exterior of the electrode 74 contacted myocardial 
tissue. 

While the invention may be susceptible to various modifications and 
alternative forms, specific embodiments have been shown by way of example 
30 in the drawings and have been described in detail herein. However, it should be 
understood that the invention is not intended to be limited to the particular forms 
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disclosed. Rather, the Invention is to cover all modifications, equivalents and 
alternatives falling within the spirit arid scope of the invention as defined by the 
following appended claims. 
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CLAIMS 

What Is claimed is: 

1. A cardiac lead electrode, comprising: 
an electrode member; and 

a coating applied to the electrode member, the coating being composed 
of an electrically insulating material and covering a first portion of 
the exterior of the electrode member while leaving a preselected 
second portion thereof exposed. 

2. The cardiac lead electrode of claim 1 , wherein the material comprises 
diamond. 

3. The cardiac lead electrode of claim 1 ( wherein the material comprises 
sapphire. 

4. The cardiac lead electrode of claim 1 , wherein the material comprises 
parylene C. 

5. The cardiac lead electrode of claim 1 , wherein the whole of the electrode 
member is composed of a conducting material. 

6. The cardiac lead electrode of claim 5, wherein the conducting material 
comprises iridium oxide coated titanium. 

7. The cardiac lead electrode of claim 1 , wherein a portion of the electrode 
member including the preselected portion of the exterior thereof is 
composed of a conducting material. 

8. The cardiac lead electrode of daim 7, wherein the portion of the electrode 
member comprises iridium oxide coated titanium. 
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9. The cardiac lead electrode of claim 1, wherein the electrode member 
comprises a tubular shank for connecting to an end of a cardiac lead 
sleeve. 



10. The cardiac lead electrode of claim 1, wherein the electrode member 
comprises an annular member for coupling to the exterior of a cardiac 
lead sleeve. 



11. The cardiac lead electrode of claim 1, where the preselected portion 
comprises a plurality of circular areas. 

12. A cardiac stimulator lead, comprising: 

a conductor wire having an electrically insulating coating applied thereto; 

and 

an electrode member coupled to the conductor wire, the electrode 
member having a coating applied thereto, the coating being 
composed of an electrically insulating material and covering a first 
portion of the exterior of the electrode member while leaving a 
preselected portion thereof exposed , 

13. The cardiac stimulator lead of claim 12, comprising a connector for 
coupling the conductor wire to a cardiac stimulator. 

14. The cardiac lead electrode of claim 1 2, wherein the material comprises 
diamond. 



15. The cardiac lead electrode of claim 1 2, wherein the material comprises 
sapphire. 

16. The cardiac lead electrode of claim 12, wherein the material comprises 
paryiene C. 
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17. The cardiac lead electrode of claim 12, wherein the whole of the electrode 
member is composed of a conducting material. 

18. The cardiac lead electrode of claim 17, wherein the conducting material 
comprises iridium oxide coated titanium. 

1 9. The cardiac lead electrode of claim 1 2, wherein a portion of the electrode 
member including the preselected portion of the exterior thereof is 
composed of a conducting material. 

20. The cardiac lead electrode of claim 19, wherein the portion of the 
electrode member comprises Iridium oxide coated titanium. 

21. The cardiac lead electrode of claim 13, comprising a tubular insulating 
sleeve disposed around the conductor wire and coupled to the electrode 
member and the connector, the electrode member comprising a tubular 
shank for connecting to an end of the tubular insulating sleeve. 

22. The cardiac lead electrode of daim 12, where the preselected portion 
comprises a plurality of circular areas. 

23. A method of fabricating a high impedanoe cardiac lead electrode, 
comprising the steps of: 

providing an electrode member; 

coating a first portion of the electrode member with an electrically 
insulating material while leaving a preselected second portion 
thereof exposed. 

24. The method of claim 23, wherein the electrically instating material 
comprises diamond. 
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25. The method of claim 23, wherein tne electrically insulating material 
comprises sapphire. 

26. The method of claim 23. wherein the electrically insulating material 
comprises parylene C. 

27. The method of claim 23 F wherein the step of coating the electrode 
member comprises applying a mask over the preselected second portion, 
applying the coating of the electrically insulating material, and removing 
the mask to expose the preselected second portion. 

28. The method of claim 27, wherein the mask comprises a photoresist 

29. The method of claim 23, wherein the step of coating the electrode 
member comprises applying the coating of the electrically insulating 
material and removing a portion of the coating covering the preselected 
second portion of the exterior of the electrode member. 

30. The method of claim 29, wherein the portion of the coating is removed by 
laser ablation. 

31 . The method of claim 29, wherein the portion of the coating b removed by 
mechanical drilling. 

32. The method of claim 29, wherein the step of removing the portion of the 
coating comprises slipping a stencil sleeve over the electrode member, 
the sleeve comprising a stencil that exposes a portion of the coating 
corresponding to the preselected second portion of the exterior of the 
electrode member, etching the portion of the coating exposed by the 
stencil, and removing the sleeve. 
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33. The method of claim 23, wherein the electrically insulating material is . 
applied by chemical vapor deposition. 

34. The method of claim 23, wherein the electrically insulating material is 
applied by plasma deposition. 



35. The method of claim 23, comprising the step of coating the electrode 
member with iridium oxide. 
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